


j 

Prepared f o r  



...................... sv;.2G.aY 2c cc!;c~sIcss 2 

t 

....................... 4 DATA 6c D1SCUZS:IGE 

Figure L. - Zffect  of Sese OR Zeslstarice of 33.3 iWm 6 
Figure 2. - E f f e c t  of Sase cn Flex of E3.3 3iIx 6 
Figure 3 .  - 3:ffect of TrieLhanolarSne on 7lex arid 

Resistance of B2 FiLxs . . . . . . . . . . .  8 
Figurc 4. - ZiYect of Triethanolaxine on Flex aid 

Res is tace  of  C2 FiLm . . . . . . . . . . .  9 

. . . .  Table 11. - FiLm Xodified with Triethar,ol&.ne 10 

Ext rac tab i l i ty  0.f Amine . . . . . . . . . . . . . . . .  ll 

B. Xodification of  I k t h y l  Cellulose Films with 
S a l t s  of Orgariic Acids . . . . . . . . . . . . . . . .  12 
Table 

13 
- Kociification of Ibzethyl Ceilnlose with 
Potassium Sa l t s  o f  Organic kcids ....... 
~ p r i  Ecpivd-ency . . . . . . . . . . . . .  UC 

F i p r e  5. - Dependence of Film Resistance 

C. Xodification of 1.Cethyl Cellulose Qr Pre-Sr.~ellirlg 
in15SXOii ....................... 15 

Xociification of P k t h y l  Cellulose and 1i:ethgl Cellulose/ 
Table IV. - Effect  of 3 y c o l s  and Related Additives 

D. 
P o l p c i d s  with’ Glycols and iielatcd h t e r i a l s  . . . . . .  16 

Kezbranes . . . . . . . . . . . . . . . . .  17 
on E o - p r t i e s  of Xethyl Cellulose 

. . . . . . .  E. Effect of Elevated Tcnpextures on C3 F i l i i  18 

19  F. Effect of h d i a t i o n  on C3 Fi l i i  

- ”  
1 

. . . . . . . . . . . . .  7 

r *4 TLble V. - Xffect of 1rr;diation on Tensile . . . . . . . . . . . .  / *  9 .. ?ro23=r”uies of C3 Filx 20 

. . . . . . . . . . . . . . .  G. Gas Evolc:tl.on irt C3 Cells 21 

0 
. . . . . . . . . . . . .  H. SkoAr t2~g  o f  C e l l s  oil Staxiin;: 22 



i 



tr 

a 

i n  carrying out t h e  cxperin,x.tal i i o r k  hereir ,  reported,  t h e  miters 
\;ere ass i s ted  zt The Eorden Chemical Co;npsny by i>r, G c o q e  iLitazara, i-kac of 
t h e  3-Gsical Tsstinz Laboratory; Fz. Richzrd Ti-ickey, Ci-LczLst, ana 
:.k, Xonald G, Burton, X s s i s t m t .  

supervised by 1-k. J, KeLLey. 

At t he  Carl 3.  Korbcrg Research Center 
. of tiie E l e c t r i c  Storage Eattcqj Cozpany, t he  subcontract t e s t s  are bein;: 





Studies 02 salt cddi t ion , t o  rr&hyl cel lulose wrs e;clended t o  include 

t o  the m o u t  or" ec id  f U C t i O i 1  zdded, expressed as acid 
sclt s 013 h l ~ h e ?  a l i 2 k t i c  ac ids  and l o m r  dibasic acids. 
appxred to be relzted 
equivalents pa- equivalent of ae thyl  ce l lu lcse  Eonomer unit .  

Zesistence lci-rering 

A rzethyl cel lulose Z i h ,  equilibrated first i n  15% EO3, then i n  30s 
KOE, gzve a resis tance of 17.3 mil.liohrr,s-in,2 mil f i h  as e2:ainst 
790" :rLllio?ms-ic,? when e q u i l i b r ~ t e d  d i r e c t b  i n  30;; KO& bccori2myi;ig the 
r e s i s t a x e  loxerirg, a th i r ty - fo ld  ir,cresse i n  t h e  d i f fus ion  r a t e  of silver 
Occu-nred. 

on a 1.5 

Glycols a d  r e l a t ed  hydro,qlated i,-a-Lei5.als reduced res i s tance  in 
xiethyl ce l lu lose  and m t h y l  cellclose-polyacid films in s o w  instances,  bat  
not as e f f ec t ive ly  as aiines or orgmic  acid salts. 

f r r a d i z t i o n  by Cobalt 60 or" e c e l l  prepared with C3 separztor 
2asTiLked ir, a a$ lowericg of t h s  wet tensile strength, K$.SA has reported 
that cello>h&?e separators ur,der the  sa;? cor.ditioris :;ax velded together. 



3 .  

Polyethylene I i l x s  >;:‘Ci-e t r m t e d  w i t h  XCI:-ex%ract~3le s-t.dlin; . .  a,erits to reduce electrolyzlc  r e s i s t z c s .  >.l’ihou;’n 1u;xreci @r  ti^^ t o  t h r e e  
ordcrs of xap i tude ,  t h e  resdting resistances were t o o  high t o  be or’ prac- 
tical in te rcs t .  

A chargect silver-cai?niwn c e l l  prepared with C3 separator shor ted  
af ter  th ree  m n t h s  staxd tine i n  - t e s t s  a t  tiic Jet ?i-opclsion Lzboratoqy. 
3a ; imtFon of t h e  scpzrztor showed no a2parcnt l o s s  i n  stren,-th o r  mchan ica l  
defects. However, s i l v e r  was unifor:riLgr d c F s i t e d  i n  each of 5 tiraps. Tne 
separator from a silver-zinc c e l l  r$nich :?ad xndergone 85 cyc?es, on t h e  con- 
trary, shoxed hizh s t l v ~ ?  conhiC next t o  the electrode ar,d ahos t  Eone i n  
t h e  outer wrap. Tie re.la”uon of stsand t b e  failure t o  silver aifzusion rzte 
is under continued stu iy .  

. 





c 504-18 

504-16 

504-19 

504-15 

3.5 

4.0 

4.1 

4.1; 

1.8 

3.4 

1" 5 357 1229 

1,6 200 

5.3 1.4 

5.3 1.4 97 

7.5 1.4 40 2757 

10.8 - 1.7 47 23 2 503-17 5.1 

504-24. 5.0 - L$.4 1.6 :u; 4.956 

504-25 6.1 25.0 1. s 11 1311 
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7. 

Experimnts in tdiich t r l e t h z n o l z x i n s  (T9X) m s  added zt ir.croasing 
Forx i la t ion  E2 

methyl cellfiose, 
The 

levels t o  22 arid C2 f o r x l a t i o n s  are si;;.xzizcd in TLde  11. 
i s  20; p b z c q y l i c  acid plus .SO;: ri,et%l cellulose. 
1:l coplyil:cr of v i n y l  nc thyl  ether anc! rra1ei.c u h j c r i d e ,  
Figures 3 and 4 correspord t o  thc  expa5.mnts  with 5'2 md C2 res,pectively. 
resistance decreases rdt'n increasing EA i n  both caseso 
in flexib-il i ty were effected at m i r ~ e  levels above abozt. six psrcent. 

Fo rzda t ion  ~2 is 2% 

Substantial  increases 

_.."" ._...I..... I . . . . 
. .  
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522-22 

>.-I- "3+7 

522-28 

522-29 

j22-30 

522-3k 

522-31 

522-32 

522-33 

22 

32 

32 

B2 

E2 

22 

c2 

c2 

c 2  

0 2.8 73s 1,5 1,239 ~ 2 ~ 6 0 3  i3 

3 3*6 l&iS 1,9 1,324 11,303 5 

6 3*8 276 1.4 1,623 10,070 6 

10 k.1 122 1.3 2>G35 7,475 22 

(c)  AST'M Test  D6f+L+Jr et 200 go tensior,. 



Depmding on the  degree of emphasis t 'nis type of f i l x  receives in 
future  tesbin;, further s%udy skould be made of t h e  ki~etics mcl qui.1ibri-m 
involved in the gartition of extractable &fines betmen zeuhrzae and e l e c t r o m e  
Liquid. 

c 
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The use of  o r s m i c  s d t s  to inodiiy t h e  p-opcrties ~f sc.ZI.;;rl cel.>~losi: 

cover the a l i p h a t i c  ser+es fro2-i ,2Gxxii;f;te to hexar,oa'te ar.d tc i nc lude  a n u k x r  of 
. .  v:as i n i t i a t e d  -x.der t h e  p c v i o u s  cofitlrclct. -7 Iri\rzstlsaiion >:as h e m  extended t o  

e lec t ro ly t ic  resistance on t h e  s a l t  ecpivzlczts pcr cc::y1 . ,  
dibas ic  sal-Ls, Lew results are s ~ i ~ ; l r i z e d  in T'abic iIi, r-it. 1l.e descndclicy of 

cellulose r;ono;cer 
wit i s  i l l u s t r a t e d  i n  3igul-e j. 
hozolozous ser ies  shox a dou;;x2rc! trrena i n  r e s i s t a c e  as t h e  sa l t  equivalent 
i s  increased. I i i thin t h e  y e c i s i o n  lizdts o f  these expzrimnts t h e  d i j a s i c  
salts follow p r e t t j  rach t h e  s a e  trend es the n;ozobesic salts,aYAiough the  
dibasic s d t s  appear on the graph t o  be Just a little b i t  x r e  effect ive,  
S a l t s  of t h e  higher mx3ei-s cf the  d i p h a t i c  series SegirirZzg with valera te  
are p o r  in lowsri- r e s i s t a c e ,  

It, i s  evi%cnt t>La-L the lover mxbers of t h e  

'*' 
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449-u+5 Eone 0 0 7250 1.50 59355 

534-l.30 Valerate 13.7 .184 971 1.4 4,193 5,640 47 
534-129 " (F) 27.4 .372 400 1.5 6,917 6,790 32 

Dibasic Acids  

534-126 Glutarate 16.4 
-125 t i  (F) 32.9 

e 15.8 
-127 

482-140 Fumarate (F) 16.3 
-139 It (F) 32.6 

4.82-U+2 bideate 16.3 
-141 rr 32.6 

-29 57 
.57 21 

e32 66 
64. 20 

33 32.9 
0 66 12.0 

.33 25.6 
0 66 11;. 8 

1.5 3,154 6,260 45 
1.6 2,735 3,330 36 

1.8 3,5U 6,760 40 
1.5 1,724. 6,100 20 

1.5 3,656 6,750 38 
1.65 648 4,280 26 

( A )  

(F) Frosted out on standi%. 

I.leasurezen+,s i n  S h a i r  ce l l ,  with less sensitive equipmat thzn 
Kelley Salkind Cell now used. 





15. 

As disclosed on p. ll of tho Find Repork XAS 5-9107 t h e  electro- 
lytic r e s i s t a c e  in 4j$ KO3 of a methyl  cel lulose film vas rrarkcdly lovered bj 
pre-swelling i n  15;; KOi.  

An inprovexent of sbiilzr order was f o u d  when t h e  film, a f t e r  prc- 
swelling i n  152, was equilibrated by tk ree  d a y s  s t i r r i n g  i i i  a large excess of 
305 iCOH, as  shown be1o.d: 

PreSxol len I n  152 Directly 
KOH then Z q d l i b r a t -  i n  

ed i n  30,d 30$ KOH 

 SF;^ U. en w t  . /or i g  . w t  . 
Resistance in 3G$ MOH miUiohs-in.2 .1?.3 4-98 

1.25 3..1+85 

Silver di f fus ion  r a t e ,  i n  arbi%rarj 
t r a x s f e r  units t o  be defined i n  the 
Second Quarterly Report. 

8.2 0.24 

As can be seen, t h e  filmwas pened  up not only to hydrowl 
ions but t o  silver ions as w S L ,  
Third 

This ti7ill be discussed more 2uU.y in t h e  

4 
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Several glycols were found t o  be coxwtiblc with methyl cel.lulose 
and methyl cellulose-polyacid solutions. 
and re lated hj.droxylated additives were cast t o  evaluate Z i 3 n  p r o p r i i e s .  
seen i n  Table I V  resistance wzs  lowered i n  some i n s t a x c s ,  but; not as effectiveu 
as in the case of amines. 

Con.atiblc rdxtmes corLialnin,; these 
6s 

Ethylene glycol, diethylene gkrcol, tetraetlyylenc glycol and methyl 
cellosolve were all found to be complete* miscible x i t h  302 &ici 45; KOA so 
that it is possible to invoke extractability by the e lec t ro ly te  as a factor 
in the lowered resistance. 
shown below: 

Weight changes of the  films i n  45% XOH were as 

Ratio of Swollen Weight 
to O r i E i r i a l  Iki .ihL 

15 
NC 3- ZC$ diethylene glycol  

1. 25 
1.26 

1.52 
1.54 
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458-118 3x15 Xone - 
522-U-4 KC15 Etbglenc glycol 20 

522-US X C l 5  Diethylene glycol 20 

522-116 i2:c 15 Tetraethylene glycol  20 

522-U7 xc 15 Carbowax 300 20,  

522-U-8 z m 5  Nethyl Cellosolve 20 

522-123 c2 Bone - 
522-130 c2 Diethylene g b c o l  10 

$22-131 c2 11 II  20 

522-134 C 2  -k KOH to pH 4 a8 I t  10 

11 I; 20 

9. 522-133 B2 f- KOH t o  pH 4 fu’one 

522-2.36 E32 -f. KOK t o  pH 4 Diethylene glycol 10 

522-137 B2 4- KOH t o  pH 4 I t  11 20 

6,080 

3,610 

566 

2,110 

11 , 280 

8J4S0 

1,021 

236 

123 

151 

94 

728 

590 

628 

1.5 

1.4 

1.6 

1.6 

1.6 

1.4 

1.5 

1.6 

1,6 

1. 3 

1.6 

1.5 

1.6 

1.6 

3537 

6747 

4170 

4964 

14-46 

5972 ~ 

1346 

I494 

1x3 

206s 

1326 

2957 

2512 

2139 



l,?lile pyeviousiy reportcd tests have sh0;m 'chat C3 f i l s  i s  r c s i s t -  
zni -to deZrad2tioc a t  50" C, i n  t h e  mt state,  it appeared 02 i f i tcrest  t o  ex- 
2 ~ i n e  also its s tab i l i ty  under the ef fec t  of dry heat. 

c 

c 

The e f l e c t  of  exposure t o  dry h e d ~  of a C 3  S9.i ms exmincc!  by 
U-vmapHng the film arouid polyethylene f ~ r ~ i s  simlatir4 elccti-odes and k;catiEs 
a t  UI average t enpera twe of 57" C. f o r  f i ve  hours. 
frorn t h e  oven t h e  dry f i b ,  was so brittle t h a t  it was cracked by a single bend. 
&A the o t h e r  hand, wiien the  asserbly was re-equi l ibratcd t o  t h e  or ig ina l  condi- 
t i o n  (33; R.H, ) employed i n  =king f lexura l  riieasuremsnts t h e  followinz values 
were obtained: 

Just  after i t s  rmova l  

Cycles 
TIEIT Flex 

Original Film (499-15, 1.5 mil film) 754 

ae-equilibrated at 5D$ B.H., 23" C. - 

(Straight section) 701 

(At bend) 632 

d t h a t  under t e s t  conditions t h e  chief e f f ec t  was 
Hhich is norr,ially present t o  p l a s t i c i ze  t h e  f i l i i  t o  r 

at 5 effect is reversible. 
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?sm seal-cd silver-zicc ce l l s  (',drdncy) t;=itii C 3  as scparztors 1seri3r 
Cce had beer, iri-adicted i d t h  1.1E: x lo( received frca US.4 f o r  e::urLimkion. 

rads f-xm a Co'cd.t-6O sowce in an oven a t  tcnpcrzturcs Zi-oii 40" t o  55" c. 
Tne o the r  was a control  :hich had been i n  the  s a m  oven c w l n z  t h e  t e s t  but 
v i t h o ~ t  i r rad ia t ion .  A correspondicz tr:o c e l l s  with cel1oph.m scpnc to rs  
i r s t e a a  of c3 were 1.lkei.ibe used for  rad ia t icn  a;ld central i n  t h o  I::&A t e s t  
ar,d returr,ed t o  Yardneg f o r  emLnat ion.  l?A% r e p r t s  t?zt  the izyers 02 
cc2lophar.e i n  t h e  i r r ad ia t ed  c e l l  were vc,y t i g h t l y  Welded" tozether  and 
tore xhen a t t e a s  was cede t o  separate them, so t h a t  strenzth could not be 
detemined. 

Both polystyrene cell-case and potting of t he  i r r ed ia t ed  c e l l  were 

Tifie e lec t ro ly te  was 
discolored t o  brown. The control c e l l  appeared r e l z t i v e b  wLiarc;ld. The 
c e l l s  were careful ly  opened with the ai6 o f  a f i n e  sa: .  
rezoved I&GZ eacn c e l l  and set  aside i n  stopgerea tubes f o r  possible future 
aral;rsis f o r  organic carbon. 
f o r  t e n s i l e  t e s t s  and stored In  30% KOd u n t i l  tested.  

Tne C3 mexbrarles were unwrapped, cut  i n to  strips 

r 

The films from both c e l l s  were v i s ib ly  si lvered, Their thickness 
was less than t h e  expected swollen thickness. 
fi-on which Yardney prepared t h e  ce l l s  had averaee thickness 1.5 irils, which 
s t i ~ l l s  i n  3Us KOX t o  2.2 mils. 
m t e r l a l  of thickness l , 6  and 1.4 respectively. 
t h e  cii.-crepancy is a t t r ibu tab le  respectively t o  f iLn erosion, or t o  reduced 
s w e l l i x  i n  t h e  geometrical confines of t h e  shh-inodified ce l l .  

The 436-131; lot of C3 f i l r n  

Yet t h e  i r rad ia ted  and control c e l l s  yielded 
It i s  not  c lenr  t o  what extent 

Tensile tests are recorded i n  Table V. 

Aversze t e n s i l e  s t r en r th  was reduced by i z r a ~ a 5 i o n  from 1.59 x lo3 psi 

Inspection shoxs t h a t  elonza- 
t i o n  i s  sigdficantljr reduced by the  i r r ad ia t ion  t o  f& instead of 26% f o r  
control. 
t o  L 2 2  x Id 
analysis of variaiice, by F-test, indicates less than 3% chance t h a t  t h i s  dif-  
ference could be due t o  random variation. 

t h e  

S t a t i s t i c a l  P s i  (2 0.20 X d psi, p o l e d  standard deviation). 



f 

7 -  1.615 1637 32 1.43 1.315 J557 5 1.60 

4 II 1.613 1703 33 11 . 817 966 3 

3 8f 1.603 1697 32 I t  1.078 12'77 3 

2 11 1.493 U93 15 11 l.W5 1067 3 

11 Too weak t o  t e s t  1 I t  1.346 2-430 19 

Avg. 1.60 1.534 1592 26 1.43 ,LO71 1217 r, 



? 

KASA has co~- i i~~ ; i ca t cd  priyratel.; t h a t  frothin: has bcen ~ ' s s e l ~ c d  
7 -  du;-in; t h e  ch;:.zir<; of 2 ~ ; c s s  c e l l s  ra2c v r i t i i  C3 s c p r 2 t o r .  

eqi2p:axit 21id ce l l s  :3si*e loaaed t o  C.?L t o  per':xit o5;scrvcrtion 02 tl ,e be!,svior 
of t he  c e l l s  dur ing  ciargin. . ,  
503 rLUa;ipezes f o r  24 hours. 
t o  a trater- l i l led U tube a d  t h e  evolved gas collccted ciurin; t he  f i r s t  nine 
h o w s  0,' charge, F o m  was not suf i ' ic lmt  t o  escap3 as such out of the cel l .  
Frox t h e  Zo&h t o  nirith hour 7 r.l of gas was evolved. 
were dissolved under nitrogen in t h e  iT&ter l e2  op.psite t h e  gas a ~ d  t h e  thus 
prepared G;qTgclrabsorbin; solut ion was x?agneticall;r stirred, 
skirinlcz;e i n  volurce or discolorat ion of  t h e  pyrogallol. 
therefore, could be ne i ther  C02 nor oxygen, a log ica l  suspect. 
i s n i t e  t h e  gas was unsuccessful. I ts  iden t i ty  as hydroyn  is, nevertheless, 
suspected. 

d c c t r i c a l  

A b a t t c q  of t l i x c  c e l l s  m?,s charzed st 
One of the cc l l s  113s corxectcci 'u;. ca?iI.lai;r 

i<OX and pyrG;.,allol 

There was no 
The evolved gas, 

An a t tenpt  t o  

It is  unlikely t h a t  t h e  gas  could be a decomposition product of 
c3 

It seemed pcssible  t h a t  a s ignif icant  dii.luLior, of t h e  electrolybe by 
the  acid of C3 could corkribute t o  fro ' ihiax by dissol-vins ce l lu los ic  m t c r i d  
of surface ac t ive  properties. 
carefu l  weighing of t i e  separator of an unfilled c e l l  and t h e  3CA elcctrolyLe 
added to j u s t  cover t h e  electrode assmbly. 
10,0353 grams C 3  f i lni  a d  36.2 g. 302 KO'd. 
(305) it was calculated t h a t  the average concentration o f  e lec t ro ly te  a t  
equilibrium would be reduced t o  &,&. 
could be lower, depending on the  exchange rate. 

Tfie desres of t h i s  d i lu t ion  was calculated by 

The weizhts piere respectively 
From t he  acid content or' PV324l 

The concentration within the  film 

An obvious way of cornbatiig t h i s  d i lu t ion  would be t o  pre-neutralize 
t h e  PKXA i n  t h e  C3. 
5x1 t he  character of the film, 

A t t e m p t s  t o  do t h i s  have been acconpznied by mrked chmges 
I b r k  in t h i s  area is continuing, 



22. 

E. 

Shorting and lo s s  of c;:ti?,erc hour capacity of cells enployin_: C3 
r::c:nbra;les on stw.din;3 three isonths GY less i n  tk  charded cosdition has been 
observed i n  silvei--zinc c e l l s  2% IiASX ar,d i n  siiver-ca&-iit;r,1 c e l l s  5y t h e  Jet 
h.o?iision I.&o:-&ory. The l a t t e r  repx-tea tnat the  ~ e 1 ~ 3 r u ~ e  vias eictcnslvely 
s i lver& 
%-,e p b s i c a l  stren$h of t h e  C3  w a p  a p p a m d  t o  be good and no cracks i n  the  
wrap were mteci. 
electrcde to t he  sijctn wap. 

One sucn self-bischsrged c e i l  was disasseirblcd Zor eAxzrrimtiono 

It pias black of unifom shade from the  r'irst wrap around tine 

The second and fi3A rrrrraps were cut out, digested i n  concentrated 
r i i t r l c  ac id  arid s i l v e r  conterit deterrnineci by potentionetric t i t r a t i o n  x i t h  KI ,  
Results confimed the visual observation t h a t  s i l v e r  was d is t r ibu ted  rat'ner 
w n i f o w  throughout the  separztor. 

For cornprison a silver-zinc c e l l  from NASA i.J:?ich had undergone over 
80 cycles bxt had not been stlbjected t o  lon: stand times was disassembled and 
exaxiined. Unlike the above t h e  w a p s  close t o  the  electrode were h e a v i b  silver- 
ed, with the  s i l v e r  usual* decreasing i n  tmount from the  first t o  the  sW"h wrap 
where much of t h e  surface I i a S  st i l l  trsnsparent,  shordng silver only in spots. 
The first and f i f t h  wraps of t'ne separator were digested and analyzed f o r  s i l v e r  
in the same way. Cornprison is given i n  Table VI. 

TABIS VI. - Distribution of S i lve r  on Separator ?:raps 
- '  BDC- -- - .  - .. ,*--.p- d 

~ ~ ~ _ _ _  

AdCd Cell - a2ter 3 months stand tine - 
- 

8. &5 7.82 

Resul ts  indicated t h a t  under the stand t h e  condition s i l v e r  nxisrates 
t h r o q h  t h e  C3 deve lop ix  t o  a ftsoft short1t ,  wiich leads t o  discharze. Under 
conditions of charge and discharze, homver, the separztor appars t o  operate 
s a t i s f a c t o r i l y  i n  t h a t  each wrap performs i n  a s e r i a l  remvzl of the  s i lver .  

Xork La t h i s  area i s  continuing here and zt 1;fASiL 



After t h e  soakir i  opzrztion t h e  film w e e  Siven various a3x.r- 
t r ce t rx rks  t o  r e ~ o v e  t h e  solvcr~L, as izdicated i n  TaCic VII. It is evident 
 at; dras t i c  chengcs i n  rcsist;;ace are iridced p s s i b l e  by $.his e x p a i z m t d .  
apxoach, t he  resistances i n  sox2 cases arc reduced t o  one-knjreath or o m -  
thousuzdth of the o r l g i m l  resistance. 
high f o r  t he  films t o  be or" prac t ica l  ifiterest. 
t h i s  approach ray be rsore fruitful. 

.L- 

Eowver ,  t h e  r s s i s h n c e s  arc s t i l l  too 
F u t h e r  r&odifications of 

\ 



none 

3.45 Surlyn A1601-H none 

U;6-1 11 PG13 

ut4 11 PCl3 

146 -2 11 ' PCl3 

522- 
127-1 11 PCl3 

127-2 11 PC l3 

483- 
Ut?-l I1  toluene 

ut?-5 I t  Dioxane 

PUDO Cellophane ' 

5 

6 hrs. 25" C. 10 days so& 1.1 x lo4 
i n  45;;' %G!i 

16 hrs. 36" C. '7 days soak 7.8 x 10' 
i n  I~S,:  

in ,!+j$ ~0i-i 

nom c O f i t 2 G ~  1.6 x 10 

3 days 36" C. 3 dLYs sozk 1.7 105 

none Control 3.1 x lo6 
4 2 hrs. 25" C. 3 dzys st i r  5.2 x LO 

2!+ hrs ,  25" C, 7 dapi stir 2.9 x 1G 
ir, ]<cl:: 

in 455 XCi 

dissolved 1; hrs .  43" C, - 
4 hrs .  32" cb - disintegrated 

3 days 25" C. ice wzter, 3.1 104 

3 days 25" C, ice water, 4.2 x 104 

dioxane, water KUd 3 days 3.8 105 

75 min. 50" C. KOH 3 days 1.2 105 

45$ KCI-! 21; hrs, 

4-5:; KOH ?& hrs. 

- - 1.1 x 10 
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Experiment showed t h a t  aqueou so lukicns  of  L m ~ v i r i l -  
pyridine hydrochloride and p i y a c q 1 . i ~  acid rray be mixed t o  fora  a c l ea r  
hoicogeneous so1utic:i. T h i s  i s  i n  cont r r s t  t o  what happzns hihen alcoholic 
solGtions of polyvinyl pyridine arid polyacqr1i.c acid a r e  iiib:cd: i n  tht 
case t h e  s t r o w  a t t r a c t i o n  bet:seen t h o  b m i c  and acidic  :miyrr;,ers resul ted 
i n  ixxcdiate prec ip i ta t ion  of a coacervate. Clear hozogmcous f i b s  were 
prepared f romthe  aqwous solution Gy cast in2 on g lass  and drying u n t i l  
chloride-free. The dr;. film are so brittle tn2.t d i r ec t  rercoval f r o n  the  
g l a s s  i s  ex%rcr;,el;r d i f f i c u l t .  Hodever, i r "  the  f i l r rs  zrc f i r s t  so&c-d i n  
concentrated KOX they my be eas i ly  rexoved from the  glass, 

i .* 
I \  

n- 

:+. 

Proprietary preparations of both .!+-vinyl and 2-viny1 pyridine sus- 
pension p l y n e r s  were studied. 
rraleic anhydride imy be used instead of po lpc r , , l i c  acid. 
ments and other  propert ies  a r e  sucimrized i n  Table VlII. 

The 1:l copolymer of vinyl  nethyl  e ther  and 
Resistance measure- 

The rate of silver dif2usion w a s  close t o  t h a t  of f i lms  made from 
C3 and r e l z t ed  methyl c c l h l o s e  coaposilions. The vulnerabi l i ty  t o  oxidati.on 
by s i l v e r  oxide during the  diffusion t e s t  was t h e  lowest of  a l l  f i lms tested.  
Furt'ner reference t o  t h i s  property w i l l  be m d e  i n  t h e  Second Quarterly Report 
under t h i s  contract. 

Prac t ica l  exploi ta t ion of t h i s  co-ccervzte appoach would necessi- 
t a t e  research e f f o r t  t o  improve f l e x i b i l i t y  and releaso propert ies  without 
impairing of the .desirable e l e c t r i c a l  perforrrnce and s t ab i l i t y .  
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Sample KO. 482- 574- 574- 57b- 
127 99 110 97 

R it, io Q 

P03,y l+-tirql pyridine 1.00 1.00 1.00 - 
?oly 2-viay3. pyridine - - - 1.00 
Polyaczylic Acid (Acrysol AS) 1.00 0.75 - 1.00 
PWLA - 9 1.00 - 

Resistance i n  ohms-cms. 

30% KOH 8.7 16.0 8.2 15.0 
45% KOH. 280 490 154 409 

Resistance after h e a t i x  33 days at 50" C. 
i n  electrol?rte solution (o~.m-cms) 

I4IT Flex at 50% B.H., cycles 

Tens i l  at 308 fl&, psi 

Elongation at break, per cent 

Silver di f fus ion  av. rate 
% orig. kg per day 

S i l v e r  reduced on f i l m ,  
k wig .  Ag per day 

0 - 9 2950 

t 
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Both hydro,q~tpro~rlzxi.ne a.nd tr icthznolmLm are co;c?lctely soltible 
in 45:: KC3 and h21-e been shorn t o  be extractable under cocciitions ol' t h e  
r e s i s t a x e  t e s t ,  
re  sistzmce, 

' The ext rac tab i l i ty  i s  believed t o  be a fac tor  i n  the  lowered 

c 

I1 0 

In extending t h e  study 02 t h i s  type of systen t o  include 
higher a l i p h a t i c  acids  an6 lower dibasic ac ids ,  res is tance l o m r i r g  was 
f o m d  t o  be r e l z t ed  t o  the acid equivalents added per netnyl  cel lulose r;lonorr,er 
u n i t  , 
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Ethylene glycol, diethylene glycol,  tctracthylenc g;lycol, and 
methyl cellosolve are a l l  corqxtible w i t h  methyl cel lulose and nethyl cellu- 
lose-pobacid. solutions and good fiLis my b e  cas t  from tnese s o l u t i o ~ s .  
ever, the glycols a re  not as effective as cer ta in  arsines 
lowerin2 the e l ec t ro ly t i c  resistance of the  f i lm i n  KGH, 

How- 
( l ike  E?A or TEA) in 

A C3 separator recovered from a silver-zinc c e l l  i r rad ia ted  by 
Cobalt 60 had l o s t  only 24% of i t s  wet t e n s i l e  s t r e n 5 h .  
i s  30% 1:l capolyn;er of vinyl msthyl e ther  and maleic anhydride; 70% Isethyl 
cellulose. 

Coxposition of C3 

NASA reports  t h a t  cellophane separators under same exposure became 
welded together, , i t * ,  

V I ,  POLYVINYL PYRIDIXE-POLYACID CO-ACERVATE F I P S  

A co-acervate of poly(4-vinyl pyridine) and polyacrylic acid 
my be prepared as a clear f i h  by mixin; aqueous solutions of the  polyacid 
and of the  hydrochloride of the polyvinyl pyridine, casting the  aqueous solu- 
t i o n  on glass and drying u n t i l  chloride free: The dried f i lm  i s  exLrenely 
b r i t t l e  but may be handled as a swollen film a f t e r  soaking i n  concentrated 
potass iu i  hydroxide. 
e l ec t ro ly t i c  current, fair retardation of s i lver  ion  diffusion and very low 
vulnerabi l i ty  t o  chemical oxidation by s i l v e r  o*de. 

The swollen film has r e l a t ive ly  low resis tance t o  
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Also 

Coiit ract >;AS-5 -91G7, ?Io Zi ,'icdAon 6 
F -I-- - 

a l s o  r&e t h e  followirq corrections : 

On page 2, paragraph 2, l i n e  4 

On x o  27, parazraph 2, l i n e  4 


